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Abstract: In the global transformation of energy systems, solar energy plays a prominent role, since
the energy from our star is a limitless and clean resource, which is available practically almost
everywhere. In spite of the immense advancements of photovoltaic systems, which utilize this source
of energy, no in-depth research has been carried out regarding the present Hungarian status of the
small-scale photovoltaic power plants, the most common type of solar power plant in Hungary.
The novelty of this study is that it examines the number and power of these small-scale power
plants at the settlement level within the service areas of the various distribution companies, by also
considering the economic and infrastructural dimensions of the settlements. The paper seeks answers
to the questions whether there are any significant relationships between the number and the power of
power plants of this type and the indicators of the settlements, and if so, how strong they are. Besides
pairwise correlations, the study also involved the analysis of the relationship between the ranking of
the settlements based on the settlements’ complex indicators that were created from the settlements’
indicators and the ranking of the settlements according to the number and power of household-sized
photovoltaic power plants per 1000 people. In the course of exploring the relationships, a regression
model was also devised concerning the number of household-sized photovoltaic power plants and
the settlement indicators.

Keywords: solar energy; photovoltaic system; small-scale power plant; economic; infrastructural
settlement indicators; Hungary

1. Introduction
1.1. Changes in the Spread of Photovoltaic Technology

Boosting renewable energy production is seen by many countries as a viable way of
mitigating climate change and transforming the energy systems [1]. This point can also
be proven by the fact that by the end of 2017, more than 150 nations had set goals for
developing the utilization of renewable energy [2]. It follows naturally from this that the
global use of renewable energy (RE) is supposed to grow accordingly. It is predicted that by
2050, renewable energy sources (RES) will be responsible for the supply of approximately
60% of the world’s final energy consumption, as a part of the worldwide struggle against
the rise in global temperatures [1]. As for the newly installed global power capacities,
investments in renewable energies will comprise more than 60% of these by 2040 [3,4]. All
these developments are conducive to the truly important objective of the international
community to keep the rise in global temperatures below 2 ◦C compared to preindustrial
figures. This seems to be attainable if mankind aims for a rise of no more than 1.5 ◦C [5].
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One of the feasible ways of transforming the energy systems of the world in order to
reach the climate targets described above by reducing the greenhouse effect is the increased
utilization of variable renewable energy (VRE). Great technological advancements have re-
sulted in the availability of many sustainable options, for example solar energy, whose role
has become really significant by now. Among others, it is a remarkable achievement that
many of the world’s cities, whose populations keep growing constantly, have also devel-
oped their own solar energy programs. It is little wonder why solar energy is so often the
preferred source of energy considering the fact that, besides being the most fundamental
basis of most natural processes, it is also globally available, sustainable, clean, and plenti-
ful [6–14]. The amount of the energy the Sun radiates towards the Earth surface annually is
so great that it exceeds humankind’s current need several thousand times [15–17]. Recently,
the world has witnessed an amazing increase in photovoltaic (PV) technology; at the end of
last year (2019), the world’s total installed PV capacity was 627 GW. This clearly attests PV
technology’s paramount role in the evolution of a low-carbon economy, green growth, and
achieving a higher proportion of renewables in global energy consumption. The important
factors that have paved the way for this development during the last decade were manifold,
including not only the introduction of the Feed-in-Tariff system but also the drop in capital
expenditure needed for such investments thanks to successful innovation and advances in
technology [18]. Depending on the geographical region, the average PV energy that can be
produced in a given location in Europe ranges between 700 and 1900 kWh/kW, as shown in
the map below (Figure 1). In the case of Hungary, these figures reach 1050–1250 kWh/kW
(Figure 1) [19].
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Figure 1. Europe’s photovoltaic power potential [19].

This PV potential is also utilized by Hungary more and more, as witnessed by the
past three years with a total installed capacity of about 0.31 GW in 2017, 0.7 GW in 2018,
and 1.3 GW at the close of the year 2019. This favorable development took place primarily
thanks to changes in the regulations concerning PV [20,21]. PV systems are forecasted
to continue to enjoy further growth in their spread. The Hungarian transmission system
operator expects to have integrated 2.5–6.7 GW from PV by 2030, and 4.3–12 GW by 2040,
based on three separate scenarios [22–24].
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1.2. The Hungarian System of Feed-in-Tariffs—Overview

The world’s nations show a remarkable diversity concerning the various ways in
which they promote the use of green energy. To make things even more complicated, their
schemes and regulations are often amended from year to year, which makes it hard to keep
up with developments in the individual countries [25].

The last few years have brought several changes in PV regulations also in Hungary.
On 1 January 2017, the Renewable Energy Support Scheme (METÁR) system, meant to
promote electric energy generated from renewable sources, entered into force. Support
under the METÁR scheme can be granted to electric power production that is related to
a new investment and the realization of the investment has not been started at the time
of application for the support. Power plants burning mixed fuel and/or waste can only
receive support for the portion regarded as a renewable source of energy (proportional to
combustion heat). A household-sized power plant (HMKE) system may not receive this
support. In the METÁR scheme, support for new investments can only be applied for in
the form of a green premium-type entitlement, which is granted in a tendering process.
In the premium-type system, producers sell the electric power themselves, and the subsidy
is paid above the market reference price. In this system, producers have to bear the costs of
deviating from the 15-min schedules. The calls for tenders are decided on by the minister
responsible for energy policy and they are managed by the Hungarian Energy and Public
Utility Regulatory Authority (MEKH). The first call was announced on 2 September 2019,
and the majority of the applications are related to PV technology [26].

One of the Hungarian tools of promoting electric power generation from renewable
sources and/or waste is the Hungarian system of Supporting Green Energy from Renew-
able Energy Sources (KÁT) system, in which the electricity can be sold at a price that is
higher than the market price and is determined by law. The subsidized prices are different
for electric power from renewable sources and waste. In addition, they also differ according
to size, the date of receiving entitlement, the zone time, and partly technology. The fact
that the subsidized amount and the time period of eligibility within the framework of the
KÁT system is set ensures that a producer can only receive support until the payback of
their investment at the most. If the power plant is given any other subsidies, the period of
eligibility is shortened proportionately. Because of changes in the legal regulations, no enti-
tlement to KÁT support is granted any more to applications submitted after 31 December
2016 [26].

The smallest power plants are the so-called HMKEs, household-sized power plants,
whose connection capacity does not exceed 50 kVA at a connection point. By the installation
of household-sized power plants, it becomes possible for consumers (e.g., private people,
institutions, or businesses) to reduce the amount of power purchased from the public utility
grid. In the case of HMKEs, accounts are settled based on the balance of the amounts
of power purchased from the public utility grid and fed into the grid with the help of a
special meter (sell-buy measuring device). The HMKE scheme does not require producers
to provide 15-min power generation forecasts. It is only the consumption that exceeds
the quantity of the power produced that needs to be paid for by the operator/owner of
the PV system. Conversely, if the household-sized power plant generates more power
than the electricity consumed, the service provider needs to pay the customer [26]. It is
an interesting fact that in the fourth quarter of 2019 (Q4), according to the official data
provision, a total of 4644 new HMKEs were connected to the grid with a total installed
power of 36.58 MW. The overwhelming majority (99.5%) of the installed HMKEs were PV
systems. It is worth noting here that in that particular quarter (Q4 of 2019), one hydropower,
five wind power, and one diesel HMKEs were joined to the network. In that quarter, the
average installed power of the new PV HMKEs was 7.88 kW. These figures indicate that
HMKE systems are becoming increasingly important for private people, institutions, and
businesses (Figure 2) [27].
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1.3. Introduction to the Methodology of Regional Development Indicators in Hungary

The investigations herein sought to confirm the hypothesis that the indicators of the
settlements affected the spread of HMKEs. For this purpose, a database containing the
settlements’ indicators had to be compiled first. The examination of the development of
regions looks back on a long history in both the international and the Hungarian contexts.
In Hungary, there were initiatives to explore the possibilities and methods of measuring the
level of development in the various regions already from the middle of the 1980s (in 1985 in
the National Planning Bureau, in 1988–1995 in the Ministry of Environmental Protection
and Regional Development). The first law (Decision of the Hungarian Parliament No
84/1993. (XI. 11.) [28]) was passed in 1993, and it meant the beginning of the methodological
definition of the development measurements and underdevelopment classification of the
regions, a process that is still ongoing.

Although the applied indicators have changed over time, the methodology of the
calculations has showed relative constancy. At present, two government decrees are in
force concerning regional development: Government Decree No. 290/2014. (XI. 26.) on
the classification of beneficiary districts [29] and Government Decree No. 105/2015. (IV.
23.) [30] on the classification of beneficiary settlements and the conditions of classification.
Several authors (KOVÁCS–BODNÁR 2017 [31], VALKÓ ET AL. 2017 [32]) point out that the
more criteria are available about a region’s economy and infrastructure, the more reliably
its level of development can be assessed, and this, of course, requires reliable, controlled,
and precise collection of data and their regular revision. It must not be forgotten either that
the publication of regional data takes longer, and this time lag makes the formulation of
conclusions more difficult.

This study is unique in the sense that in Hungary, no research has been done before to
analyze the relationships between the spread of HMKEs and the indicators of settlements.
However, at both the national economic and local levels, the design of well-founded energy
strategies necessitates not only the analysis of factual data but also the exploration of the
reasons behind them, which in turn is impossible without suitable databases.

For this research project, the indicators of the settlements were made available by the
Central Statistical Office (KSH) [33] and the National Regional Development and Spatial
Planning Information System (TEIR [34]), while the HMKE databases were provided by
the electricity suppliers ELMŰ-ÉMÁSZ Energiaszolgáltató Zrt. (ELMŰ-ÉMÁSZ), E.on
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Hungária Zrt. (EON), and NKM Energy Zrt. (NKM). The analyses were carried out with
regional analysis tools and mathematical-statistical methods for the year 2019, and the
following were the hypotheses to be tested:

- Every particular settlement indicator is suitable for identifying relationships concern-
ing the number and power of photovoltaic HMKEs.

- The ranking of the settlements based on the complex indicators derived from the
settlement indicators shows a correlation with the ranking of the settlements according
to the number and power of photovoltaic HMKEs/1000 people in Hungary.

- A regression model that can be used to determine the quantity of photovoltaic HMKEs
in the settlements can be created.

2. Materials and Methods
2.1. Methods

If both cause(s) and effect(s) are quantitative criteria, we can speak of a correlation.
Correlation calculation shows how one or more independent variables influence a depen-
dent variable, and how strong their relationship is [35]. In the case of metric variables,
Pearson correlation (parametric), while in the case of ordinal variables, Spearman (non-
parametric) correlation can be applied. When examining the relationship of quantitative
indicators, it is worth creating a so-called scatter plot before the identification of the in-
dices. On the basis of empirical data, one can make assumptions about the strength and
direction of the relationship from the pattern of the points. Results that are more exact can
be obtained by determining the value of the Pearson correlation coefficient (r) in the case
of linear relationships, and in the case of nonlinear relationships that of the correlation
index (I). The Pearson correlation coefficient ranges from −1 to +1. The closer the absolute
value of |r| is to 1, the stronger the correlation is, while an |r| equal to 1 one means a
total linear correlation and 0 [36] no linear correlation. If the value is between 0 and 0.2,
the relationship is weak; if it is between 0.2 and 0.7, it is moderately close; and over 0.7,
it is considered strong. If |r| is a positive number, it signals a positive correlation; in
the opposite case, it means a negative one. One can speak about a correlation only in the
case of a significant result (p < 0.05). The Pearson correlation coefficient squared is the
coefficient of determination, which gives information on what percent of the variance of
the dependent variable can be explained by the independent variable [37].

The partial correlation coefficient differs from the coefficient of pairs in that in its
calculation, the other variables are not disregarded but their effects are removed. The
partial correlation coefficient thusly obtained shows how close the relationship is between
a selected independent variable and the dependent variable if the effect of the other
independent variables is removed from both the examined factor variables and the result
variables. In the case of a positive correlation, the partial correlation coefficient is positive,
while in the case of a negative one, it is negative, and its absolute value ranges from 0 to 1.
The Pearson correlation coefficient always has to be compared to the partial correlation
coefficient. No difference between the two correlation coefficients means that the controlled
variable has no effect, but if the partial correlation coefficient equals 0, there is a seeming
relationship between the controlled and the original variables. Between two variables
(i variable, j variable), the relationship is examined by controlling a third variable (k
variable). The square of the partial correlation coefficient is called the partial coefficient
of determination. The partial coefficient of determination gives information about what
proportion of the part of the variance of the Y-dependent variable that cannot be explained
by X1, X2, . . . , Xp variables can be accounted for by the Xj explanatory variable [38].

The complex development index (CDI) indicates what difference in the level of devel-
opment is detectable between settlements considering several indicators together. It poses,
however, a problem that the indicators measuring the social, economic, and infrastruc-
tural underdevelopment/development of settlements have different units of measurement.
A solution can be the transformation of the basic indicators onto a scale of identical range
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with a normalizing procedure according to the following formula (Government Decree
290/2014. (XI.26.) [29], Government Decree 105/2015. (IV. 23.) [30]:

f ai,j norm =
f ai,j − min

(
f ai,j

)
max

(
f ai,j

)
− min

(
f ai,j

) × 100, (1)

where fai j: normalized basic indicator, min(fai j): the lowest value of the basic indicator,
max(fai j): the highest value of the basic indicator.

The average of the normalized indicators constitutes the complex indicator, based on
which the settlements are ranked. Number 1 in the ranking is awarded to the settlement
with the highest complex indicator. The settlements in this study were also ranked accord-
ing to their HMKE indicators. Here, the number 1 also represents the settlement with the
highest value. After this, the relationships were explored by rank correlation.

As the first step of the rank correlation calculation, the observed values of the variables
are ranked and each item is given a number according to its rank from 1 to n, where n is
the number of units observed. What is examined here is to what extent the rankings of
the variables match for the same units observed. For the characterization of the ordinal
variables, Spearman’s rank correlation coefficient (ρ) can be used. Its value ranges between
−1 and 1, and if it is 0, there is no relationship between the criteria. If the value is near 1,
the two rankings can be regarded as identical, while a value close to –1 indicates in inverse
order [38].

The stochastic relationship between quantitative criteria is described by regression
calculation in the form of a function. By using multivariate regression analysis, the effect of
several criteria on the outcome variable can be examined. Depending on the type of the
function, the relationship is either linear or nonlinear.

If the relationship between the outcome variable and the explanatory variables is
linear, it can be described by the following formula (see Equation (2)):

Y = β0 + x1β1 + . . . xnβn (2)

where x1 to xn: independent variables, Y: dependent variable, β1: the regression coefficient
of variable x1, βn: the regression coefficient of variable xn.

By creating an optimal model, the goal of this research was to include in the function
variables that substantially affect the dependent variable. This was achieved by improving
the model significantly by including further variables, one at a time. A solution for this is
provided by step-by-step regression techniques, which have three basic types [39]: stepwise
regression, forward selection, and backward elimination. Each of these methods requires
the examination of the potential variables separately and deciding whether the specific
variable is needed in the model to be built, one by one. To decide whether the inclusion
of a variable in the model causes a significant betterment compared to the state one step
earlier, an F-test is applied. Further, the significance of the coefficient of the variable to be
included is verified by a t-test.

In the forward selection process, the possible explanatory variables are examined
one by one, and then it is decided if they are to be included. The procedure of backward
selection is the exact opposite. All potential independent variables are included in the
model in the initial stage of the study, and then the variables with the least effect on the
dependent variable are eliminated in the successive iterative steps. The stepwise method
is a combination of the first two. A new variable is included in each iterative step to
improve the model significantly, and then it is decided whether one of the variables already
included can be omitted without any statistically measurable deterioration in the quality of
the model [37]. In the course of the investigations herein, the stepwise method was used.

2.2. Material

From the perspective of regional development, the beneficiary regions are determined
according to government decrees. One of these, Government Decree 290/2014. (XI.26.) [29],
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which entered into force on 1 January 2015, regulates the beneficiary districts. In the
classification of the districts according to their regional development, the decree takes
the complex indicator that is created from social, demographic, housing, living condition,
local economic, employment, infrastructural, and environmental indicators into account.
The beneficiary districts, the districts to be developed, and the districts to be developed
by complex programs are determined based on the complex indicators. On the other
hand, the classification of the beneficiary settlements and the conditions of the classifi-
cation are governed by Government Decree 105/2015. (IV. 23.), which came into force
on 1 January 2017 [30]. This study was based on these two government decrees, whose
annexes contain the formulas with which the complex indicator was calculated. Related
to the economic dimension, the following settlement indicators were taken into account:
number of enterprises per 1000 population, the budgetary revenue and expenditure of the
municipalities per 1000 population, the number of operating commercial accommodation
units per 1000 population, and the number of businesses in the hospitality industry per
1000 population. The two indicators associated with tourism were included in our research
because our previous investigations had shown that the spread of HMKEs had been more
intensive in regions affected more by tourism [40]. Out of the infrastructural indicators,
the settlement-level data of the electricity sector (residential electricity consumers per
1000 population, electricity consumers per 1000 population, the length of the low-voltage
electricity distribution network per 1000 population) were also analyzed. The indicators
of the settlements were obtained from the Regional Statistics of the Hungarian Central
Statistical Office (KSH) [33] and the database of the National Regional Development and
Spatial Planning Information System (TeIR) [34]. For the purpose of the investigation, the
eight indicators referring to the year 2018 (due to the time lag of the regional data, those
of 2018 were the latest) were taken into account from the groups of the economic and
infrastructural indicators (Table 1).

Table 1. Settlement indicators used in the development examinations.

Indicators Symbol as Explanatory Variable
in the Model

number of registered enterprises per 1000 population x1

total revenue of the municipalities per 1000 population
(HUF 1000) x2

total budgetary expenditure of the municipalities per
1000 population (HUF 1000) x3

residential electricity consumers per 1000 population x4

electricity consumers per 1000 population x5

length of the low-voltage electricity distribution
network per 1000 population (km) x6

number of operating commercial accommodation
units per 1000 population x7

number of businesses in the hospitality industry per
1000 population x8

The photovoltaic HMKE database was compiled on the basis of the 2019 data of
three electric companies (ELMŰ-ÉMÁSZ, EON, NKM). In 2019, the regions of the electric
companies were modified, and the database used in this research corresponds to the
new regional allocation, shown in Figure 3. Experience has shown that, unless some
significant economic or social crisis occurs, the regional indicators do not demonstrate
any considerable change from one year to another. Between 2018 and 2019, no such
event took place, which allowed the use of the latest (2018) settlement indicators for these
investigations and their comparison to the latest (2019) HMKE data.
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Figure 3. The regions of the Hungarian electric companies based on [41].

The electric companies provided us with data of different levels of detail, on the basis
of which the examinations could be divided into three parts:

1. ELMŰ-ÉMÁSZ, EON (2417 settlements):

• Total HMKE power per 1000 population (kW);
• Residential HMKE power per 1000 population (kW);
• Business HMKE power per 1000 population (kW);
• Total HMKEs per 1000 population (pcs);
• Residential HMKEs per 1000 population (pcs); and
• Business HMKEs per 1000 population (pcs).

2. ELMŰ-ÉMÁSZ, EON, NKM (2631 settlements):

• Total HMKEs per 1000 population (pcs).

3. EON (1763 settlements):

• Total HMKE power per 1000 population (kW);
• Residential HMKE power per 1000 population (kW);
• Public HMKE power per 1000 population (kW);
• Business HMKE power per 1000 population (kW);
• Total HMKEs per 1000 population (pcs);
• Residential HMKEs per 1000 population (pcs);
• Public HMKEs per 1000 population (pcs); and



Processes 2021, 9, 4 9 of 37

• Business HMKEs per 1000 population (pcs).

3. Results and Discussions of the Correlation Analysis between the Number and
Power of HMKEs and the Settlements’ Level of Development

This research primarily sought to find answers to the questions whether the number
and power of the HMKEs in a given settlement correlated with the settlement’s economic
and infrastructural dimensions in Hungary, and if yes, to what extent.

The investigations first focused on the settlements that had HMKEs and where elec-
tricity was supplied by ELMŰ-ÉMÁSZ, EON, or NKM. Apart from the identification of
the individual effects of the settlement indicators from the database containing the regions
of all three electric companies and the demonstration of the relationships between the
settlements’ ranking according to these and the ranking of the settlements based on the
quantity of HMKEs, it was a main objective of this research to create a regression model
that shows the relationship between the settlement indicators (Table 1) and the quantity
of total HMKEs per 1000 population at a national level. The resulting linear regression
function can be seen here below (see Equation (3)):

Y = β0 + β5x5 + β1x1 + β3x3 = −2.534 + 0.01x5 + 0.013x1 + 0.000006x3 (3)

where x5: the number of electricity consumers per 1000 population, pcs; x1: the number of
registered economic organizations per 1000 population; x3: the total budgetary expenditure
of municipalities per 1000 population. It was established that both the regression model
and the parameters were significant (p = 0.000); furthermore, based on the value of are R
(0.554), there was a moderately strong correlation between the explanatory variables of the
model and the number of HMKEs per 1000 population, and the five indicators explained
the differentiation of the quantity of HMKEs at the settlements’ level to an extent of 30.7%.

It was established that, concerning the settlements in the examined period, there was
a positive weak moderate correlation between the following of the settlements’ indicators:
registered businesses per 1000 population, total budgetary expenditure of the munici-
palities per 1000 population, number of operating commercial accommodation units per
1000 population, number of businesses in the hospitality industry per 1000 population, and
the number of total HMKEs per 1000 population. A somewhat stronger but still moderate
correlation could be detected between the number of residential electricity consumers per
1000 population, the number of electricity consumers per 1000 population, and the quantity
of total HMKEs per 1000 population (Table 2). The partial correlation coefficients showed
that, although in most of the cases the controlled variables had some effect on the strength
of the relationship, this effect did not significantly modify the correlation.
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Table 2. The strength of the relationship between the quantity of the total HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then there
is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations, yellow means weak
moderate, and purple moderately close ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between variables i
and j only partially), while the black one shows irrelevant comparison.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator
HMKEs per

1000 Population
(pcs)

ELMŰ-ÉMÁSZ,
EON, NKM

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Number of
Registered

Businesses per
1000 Population

(pcs)

Total Budgetary
Expenditure of the
Municipalities per

1000 Population
(HUF 1000)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

Number of
Businesses in the

Hospitality
Industry per

1000 Population
(pcs)

Number of registered
businesses per

1000 population (pcs)
0.305/0.000 0.438/0.000 0.468/0.000 0.228/0.000 0.221/0.000 0.210/0.000

Total budgetary revenue
of the municipalities per

1000 population
(HUF 1000)

0.123/0.000 0.461/0.000 0.494/0.000 0.280/0.000 0.180/0.000 0.214/0.000 0.207/0.000

Total budgetary
expenditure of the
municipalities per
1000 population

(HUF 1000)

0.275/0.000 0.451/0.000 0.478/0.000 0.263/0.000 0.205/0.000 0.202/0.000

Number of residential
electricity consumers per

1000 population (pcs)
0.480/0.000 0.227/0.000 0.217/0.000 0.208/0.000 0.096/0.000 0.013/0.511

Number of electricity
consumers per

1000 population (pcs)
0.515/0.000 –0.077/0.000 0.188/0.000 0.172/0.000 0.085/0.000 0.004/0.828



Processes 2021, 9, 4 11 of 37

Table 2. Cont.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator
HMKEs per

1000 Population
(pcs)

ELMŰ-ÉMÁSZ,
EON, NKM

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Number of
Registered

Businesses per
1000 Population

(pcs)

Total Budgetary
Expenditure of the
Municipalities per

1000 Population
(HUF 1000)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

Number of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)

Length of the
low-voltage
electricity

distribution
network per

1000 population
(km)

0.035/0.000 0.356/0.000 0.405/0.000 0.213/0.000 0.225/0.000 0.188/0.000 0.174/0.000

Number of units of
operating

commercial
accommodation

units per
1000 population

(pcs)

0.246/0.000 0.434/0.000 0.473/0.000 0.286/0.000 0.241/0.000 0.123/0.000

Number of
businesses in the

hospitality industry
per 1000 population

(pcs)

0.243/0.000 0.427/0.000 0.469/0.000 0.280/0.000 0.241/0.000 0.129/0.000
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The ranking of the settlements based on the settlements’ complex indicators and the
ranking according to the number of HMKEs per 1000 population indicated a positive weak
moderate correlation (ρ = 0.226, p = 0.000).

Next, those 2417 settlements were analyzed where ELMŰ-ÉMÁSZ and EON are
the providers of electricity. Regarding these settlements, it was possible to examine the
power of the HMKEs apart from their numbers with regard to both the residential and the
business consumers.

It was established that concerning the settlements in the examined period, there was a
positive weak moderate correlation between the following of the settlements’ indicators:
the number of registered businesses per 1000 population, the total budgetary revenue
of the municipalities per 1000 population, the total budgetary expenditure of the munic-
ipalities per 1000 population, the number of businesses in the hospitality industry per
1000 population, and the power and the number of total HMKEs per 1000 population. The
relationship between the number of total HMKEs per 1000 population and the number
of units of operating commercial accommodation units per 1000 population was also a
weak moderate positive one. Between the number of residential electricity consumers per
1000 population, the number of electricity consumers per 1000 population, the length of
the low-voltage electricity distribution network per 1000 population, and the total power
of HMKEs per 1000 population there was also a weak moderate correlation. Between the
number of residential electricity consumers per 1000 population, the number of electric-
ity consumers per 1000 population, the length of the low-voltage electricity distribution
network per 1000 population, and the quantity of total HMKEs per 1000 population there
was a somewhat stronger but still moderate correlation (Tables 3 and 4). The partial cor-
relation coefficients showed that, although in most of the cases the controlled variables
had some effect on the strength of the relationship, this effect did not significantly modify
the correlation.

The ranking of the settlements based on the settlements’ complex indicators and the
ranking according to the number * and power ** of HMKEs per 1000 population indicated
a positive weak moderate correlation (* ρ = 0.298 p = 0.000; ** ρ = 0.266 p = 0.000).

There was a positive weak moderate correlation between the number of registered
businesses per 1000 population, the number of businesses in the hospitality industry per
1000 population, and the power and number of residential HMKEs per 1000 population.
The relationship between the number of residential HMKEs per 1000 population and the
number of units of operating commercial accommodation units per 1000 population was
also a weak moderate one. There was a stronger but still moderate positive correlation be-
tween the quantity and power of residential HMKEs per 1000 population and the number of
residential electricity consumers per 1000 population, the number of electricity consumers
per 1000 population, and the length of the low-voltage electricity distribution network
per 1000 population (Appendix A Tables A1 and A2). The partial correlation coefficients
showed that, although in most of the cases the controlled variables had some effect on the
strength of the relationship, this effect did not significantly modify the correlation.

The ranking of the settlements based on the settlements’ complex indicators and the
ranking according to the number * and power ** of residential HMKEs per 1000 population
indicated a loose positive correlation (* ρ = 0.188 p = 0.000; ** ρ = 0.155 p = 0.000).

It was found that in the examined period, there was a positive weak moderate correla-
tion between the number of registered businesses per 1000 population, the total budgetary
revenue of the municipalities per 1000 population, the total budgetary expenditure of the
municipalities per 1000 population and the quantity, and the power of business HMKEs per
1000 population. In addition, there was a weak moderate positive correlation between the
quantity of business HMKEs per 1000 population and the number of electricity consumers
per 1000 population and the length of the low-voltage electricity distribution network
per 1000 population (Appendix A Tables A3 and A4). The partial correlation coefficients
showed that, although in most of the cases the controlled variables had some effect on the
strength of the relationship, this effect did not significantly modify the correlation.



Processes 2021, 9, 4 13 of 37

Table 3. The strength of the relationship between the quantity of the total HMKE per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then there is
a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table yellow background means weak moderate and purple moderately close
correlations.) In the case of the partial correlation the green background signals cases where the background variable did not cause any difference in the strength of the relationship, while blue
background indicates partial explanation (the controlled variable explains the relationship between variables i and j only partially), and black marking shows irrelevant comparison.

Pearson
Correlation
Coefficient

Partial Correlation Coefficient

Indicator Total HMKEs
per 1000 Pop-

ulation
(pcs)

Number of
Registered
Businesses

per 1000 Pop-
ulation

(pcs)

Total Budgetary
Revenue of the
Municipalities

per
1000 Population

(HUF 1000)

Total Budgetary
Expenditure of

the
Municipalities

per
1000 Population

(HUF 1000)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Units of

Operating
Commercial Ac-
commodation

Units per
1000 Population

(pcs)

Number of
Businesses in

the Hospitality
Industry per

1000 Population
(pcs)

Number of
registered

businesses per
1000 population

(pcs)

0.365/0.000 0.160/0.000 0.212/0.000 0.436/0.000 0.460/0.000 0.393/0.000 0.209/0.000 0.208/0.000

Total budgetary
revenue of the

municipalities per
1000 population

(HUF 1000)

0.215/0.000 0.339/0.000 0.179/0.000 0.470/0.000 0.501/0.000 0.441/0.000 0.211/0.000 0.215/0.000

Total budgetary
expenditure of the
municipalities per
1000 population

(HUF 1000)

0.276/0.000 0.323/0.000 –0.017/0.000 0.460/0.000 0.485/0.000 0.429/0.000 0.220/0.000 0.210/0.000

Number of
residential
electricity

consumers per
1000 population

(pcs)

0.489/0.000 0.277/0.000 0.152/0.000 0.207/0.000 0.220/0.000 0.179/0.000 0.243/0.000 0.017/0.000
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Table 3. Cont.

Pearson
Correlation
Coefficient

Partial Correlation Coefficient

Indicator Total HMKEs
per 1000 Pop-

ulation
(pcs)

Number of
Registered
Businesses

per 1000 Pop-
ulation

(pcs)

Total Budgetary
Revenue of the
Municipalities

per
1000 Population

(HUF 1000)

Total Budgetary
Expenditure of

the
Municipalities

per
1000 Population

(HUF 1000)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Units of

Operating
Commercial Ac-
commodation

Units per
1000 Population

(pcs)

Number of
Businesses in

the Hospitality
Industry per

1000 Population
(pcs)

Number of
electricity

consumers per
1000 population

(pcs)

0.523/0.000 0.245/0.000 0.129/0.000 0.169/0.000 –0.066/0.000 0.137/0.000 0.154/0.000 0.010/0.000

Length of the
low-voltage
electricity

distribution
network per

1000 population
(km)

0.466/0.000 0.254/0.000 0.137/0.000 0.194/0.000 0.245/0.000 0.299/0.000 0.240/0.000 0.138/0.000

Number of units of
operating

commercial
accommodation

units per
1000 population

(pcs)

0.243/0.000 0.345/0.000 0.176/0.000 0.242/0.000 0.445/0.000 0.482/0.000 0.430/0.000 0.135/0.000

Number of
businesses in the

hospitality
industry per

1000 population
(pcs)

0.252/0.000 0.339/0.000 0.169/0.000 0.239/0.000 0.434/0.000 0.473/0.000 0.424/0.000 0.119/0.000



Processes 2021, 9, 4 15 of 37

Table 4. The strengths of the relationships between the power of the total HMKE per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then there is
a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations and yellow means weak
moderate ones.) In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between variables i and j only partially), while
the black one shows irrelevant comparison.

Pearson
Correlation
Coefficient

Partial Correlation Coefficient

Indicator Power of Total
HMKEs per

1000 Population
(kW)

Number of
Registered

Businesses per
1000 Population

(pcs)

Total Budgetary
Revenue of the
Municipalities

per
1000 Population

(HUF 1000)

Total Budgetary
Expenditure of

the
Municipalities

per
1000 Population

(HUF 1000)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Businesses in the

Hospitality
Industry per

1000 Population
(pcs)

Number of
registered

businesses per
1000 population

(pcs)

0.350/0.000 0.149/0.000 0.191/0.000 0.301/0.000 0.323/0.000 0.291/0.000 0.168/0.000

Total budgetary
revenue of the
municipalities

per
1000 population

(HUF 1000)

0.203/0.000 0.324/0.000 0.159/0.000 0.344/0.000 0.372/0.000 0.345/0.000 0.176/0.000

Total budgetary
expenditure of

the
municipalities

per
1000 population

(HUF 1000)

0.255/0.000 0.309/0.000 –0.008/0.688 0.332/0.000 0.355/0.000 0.333/0.000 0.172/0.000

Number of
residential
electricity

consumers per
1000 population

(pcs)

0.366/0.000 0.280/0.000 0.152/0.000 0.198/0.000 0.184/0.000 0.164/0.000 0.042/0.000
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Table 4. Cont.

Pearson
Correlation
Coefficient

Partial Correlation Coefficient

Indicator Power of Total
HMKEs per

1000 Population
(kW)

Number of
Registered

Businesses per
1000 Population

(pcs)

Total Budgetary
Revenue of the
Municipalities

per
1000 Population

(HUF 1000)

Total Budgetary
Expenditure of

the
Municipalities

per
1000 Population

(HUF 1000)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Businesses in the

Hospitality
Industry per

1000 Population
(pcs)

Number of
electricity

consumers per
1000 population

(pcs)

0.398/0.000 0.256/0.000 0.135/0.000 0.170/0.000 –0.075/0.000 0.126/0.000 0.033/0.000

Length of the
low-voltage
electricity

distribution
network per

1000 population
(km)

0.373/0.000 0.260/0.000 0.138/0.000 0.185/0.000 0.147/0.000 0.196/0.000 0.118/0.000

Number of units
of operating
commercial

accommodation
units per

1000 population
(pcs)

0.183/0.000 0.334/0.000 0.173/0.000 0.228/0.000 0.328/0.000 0.364/0.000 0.343/0.000 0.131/0.000

Number of
businesses in the

hospitality
industry per

1000 population
(pcs)

0.213/0.000 0.327/0.000 0.164/0.000 0.223/0.000 0.308/0.000 0.346/0.000 0.333/0.000
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The ranking of the settlements based on the settlements’ complex indicators and the
ranking according to the number * and power ** of business HMKEs per 1000 population
indicated a positive weak moderate correlation (* ρ = 0.203 p = 0.000; ** ρ = 0.193 p = 0.000).

For more detailed research results, analyses were carried out regarding the 1763 settle-
ments where EON is the electricity supplier, examining the HMKE quantity and power per
1000 population data in total but also at residential, business, and public levels.

It was established that concerning the settlements in the examined period, there was
a positive weak moderate correlation between the number of registered businesses per
1000 population, the length of the low-voltage electricity distribution network per 1000 pop-
ulation, the number of businesses in the hospitality industry per 1000 population, and
the power and number of all HMKEs per 1000 population. Relationships of the same
direction and similar strength were detected between the number of operating commercial
accommodation units per 1000 population and the number of total HMKEs per 1000 popu-
lation; and the total budgetary expenditure of the municipalities per 1000 population, the
number of residential electricity consumers per 1000 population, and the power of total
HMKEs per 1000 population. A still moderate but somewhat stronger correlation was
found between the number of residential electricity consumers per 1000 population, the
number of electricity consumers per 1000 population, and the quantity of total HMKEs
per 1000 population (Tables 5 and 6). The partial correlation coefficients showed that,
although in most of the cases the controlled variables had some effect on the strength of
the relationship, this effect did not significantly modify the correlation.

The ranking of the settlements based on the settlements’ complex indicators, which
were created based on the settlements’ indicators, and the ranking according to the number
* and power ** of total HMKEs per 1000 population indicated a positive weak moderate
correlation (* ρ = 0.208 p = 0.000; ** ρ = 0.244 p = 0.000).

There was a positive weak moderately close correlation between the number of regis-
tered businesses per 1000 population, the length of the low-voltage electricity distribution
network per 1000 population, the number of businesses in the hospitality industry per
1000 population, and the quantity and power of residential HMKEs per 1000 population.
The relationship between the number of residential HMKEs per 1000 population and the
number of units of operating commercial accommodation units per 1000 population was
also a positive weak moderate one. A still moderate but somewhat stronger correlation
was observed between the number of residential electricity consumers per 1000 population,
the number of electricity consumers per 1000 population, and the quantity and power
of residential HMKEs per 1000 population (Appendix A Tables A5 and A6). The partial
correlation coefficients showed that, although in most of the cases the controlled variables
had some effect on the strength of the relationship, this effect did not significantly modify
the correlation.

The ranking of the settlements based on the settlements’ complex indicators and the
ranking according to the number * and power ** of residential HMKEs per 1000 population
indicated a loose positive correlation (* ρ = 0.133 p = 0.000; ** ρ = 0.117 p = 0.000).

It was found that in the examined period, there was a positive weak moderate correla-
tion between the total budgetary revenue of the municipalities per 1000 population, the
total budgetary expenditure of the municipalities per 1000 population, and the quantity
and power of public HMKEs per 1000 population (Appendix A Tables A7 and A8). The
partial correlation coefficients showed that, although in most of the cases the controlled
variables had some effect on the strength of the relationship, this effect did not significantly
modify the correlation.

The ranking of the settlements based on the settlements’ complex indicators and the
ranking according to the number * and power ** of public HMKEs per 1000 population
indicated a positive weak correlation (* ρ = 0.103 p = 0.000; ** ρ = 0.139 p = 0.000).
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Table 5. The strength of the relationship between the quantity of the total HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then there
is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations, yellow means weak
moderate, and purple moderately close ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between variables i
and j only partially), while the black one shows irrelevant comparison.

Pearson
Correlation
Coefficient

Partial Correlation Coefficient

Indicator Total HMKEs per
1000 Population

(pcs)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Number of
Registered

Businesses per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

Number of
Businesses in the

Hospitality
Industry per

1000 Population
(pcs)

Number of registered
businesses per

1000 population (pcs)
0.222/0.000 0.378/0.000 0.382/0.000 0.194/0.000 0.197/0.000 0.320/0.000

Total budgetary revenue
of the municipalities per

1000 population
(HUF 1000)

0.158/0.000 0.395/0.000 0.400/0.000 0.201/0.000 0.226/0.000 0.203/0.000 0.319/0.000

Total budgetary
expenditure of the
municipalities per
1000 population

(HUF 1000)

0.169/0.000 0.394/0.000 0.398/0.000 0.196/0.000 0.226/0.000 0.198/0.000 0.318/0.000

Number of residential
electricity consumers per

1000 population (pcs)
0.411/0.000 0.109/0.000 0.142/0.000 –0.085/0.000 0.086/0.000 0.171/0.000

Number of electricity
consumers per

1000 population (pcs)
0.417/0.000 –0.074/0.002 0.131/0.000 –0.104/0.000 0.077/0.000 0.163/0.000
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Table 5. Cont.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Total HMKEs per
1000 Population

(pcs)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Number of
Registered

Businesses per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

Number of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)

Length of the
low-voltage
electricity

distribution
network per

1000 population
(km)

0.248/0.000 0.347/0.000 0.360/0.000 0.159/0.000 0.177/0.000 0.293/0.000

Number of units of
operating

commercial
accommodation

units per
1000 population

(pcs)

0.227/0.000 0.360/0.000 0.366/0.000 0.191/0.000 0.203/0.000 0.268/0.000

Number of
businesses in the

hospitality industry
per 1000 population

(pcs)

0.345/0.000 0.289/0.000 0.296/.000 0.178/0.000 0.161/0.000 0.024/0.000
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Table 6. The strengths of the relationships between the power of the total HMKE per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then there is
a significant verified relationship between the two variables) (in the case of the Pearson correlation coefficients in the table grey background indicates weak correlations and yellow means weak
moderate ones.) In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between variables i and j only partially), while
the black one shows irrelevant comparison.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Power of toTal
HMKEs per

1000 Population
(kW)

Number of
Registered

Businesses per
1000 Population

(pcs)

Total Budgetary
Expenditure of the
Municipalities per

1000 Population
(HUF 1000)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)

Number of
registered

businesses per
1000 population

(pcs)

0.246/0.000 0.173/0.000 0.301/0.000 0.313/0.000 0.242/0.000 0.208/0.000

Total budgetary
revenue of the

municipalities per
1000 population

(HUF 1000)

0.186/0.000 0.221/0.000 0.107/0.000 0.321/0.000 0.334/0.000 0.275/0.000 0.203/0.000

Total budgetary
expenditure of the
municipalities per
1000 population

(HUF 1000)

0.212/0.000 0.214/0.000 0.318/0.000 0.330/0.000 0.273/0.000 0.200/0.000

Number of
residential
electricity

consumers per
1000 population

(pcs)

0.342/0.000 0.181/0.000 0.168/0.000 0.210/0.000 0.076/0.000 0.079/0.000

Number of
electricity

consumers per
1000 population

(pcs)

0.356/0.000 0.171/0.000 0.159/0.000 –0.182/0.000 0.053/0.000 0.067/0.000
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Table 6. Cont.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Power of toTal
HMKEs per

1000 Population
(kW)

Number of
Registered

Businesses per
1000 Population

(pcs)

Total Budgetary
Expenditure of the
Municipalities per

1000 Population
(HUF 1000)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)

Length of the
low-voltage
electricity

distribution
network per

1000 population
(km)

0.299/0.000 0.170/0.000 0.172/0.000 0.189/0.000 0.210/0.000 0.165/0.000

Number of units of
operating

commercial
accommodation

units per
1000 population

(pcs)

0.178/0.000 0.222/0.000 0.181/0.000 0.302/0.000 0.317/0.000 0.267/0.000 0.169/0.000

Number of
businesses in the

hospitality industry
per 1000 population

(pcs)

0.240/0.000 0.215/0.000 0.164/0.000 0.262/0.000 0.279/0.000 0.245/0.000
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In the examined period, there was a positive weak moderate relationship between the
number of registered businesses per 1000 population, the number of units of operating com-
mercial accommodation units per 1000 population, and the quantity of business HMKEs
per 1000 population. The power of business HMKEs per 1000 population did not show
any close correlation with any of the settlement indicators. However, there was a positive
but weak correlation between the number of registered businesses per 1000 population,
the total budgetary revenue of the municipalities per 1000 population, the total budgetary
expenditure of the municipalities per 1000 population, the number of residential electricity
consumers per 1000 population, the number of electricity consumers per 1000 population,
the length of the low-voltage electricity distribution network per 1000 population, the
number of operating units of commercial accommodation units per 1000 population, the
number of businesses in the hospitality industry per 1000 population, and the power
of business HMKEs per 1000 population (Appendix A Tables A9 and A10). The partial
correlation coefficients showed that, although in most of the cases the controlled variables
had some effect on the strength of the relationship, this effect did not significantly modify
the correlation.

The ranking of the settlements based on the settlements’ complex indicators, which
were created on the basis of the settlement indicators, and the ranking according to the num-
ber * and power ** of business HMKEs indicated a positive weak correlation (* ρ = 0.128
p = 0.000; ** ρ = 0.141 p = 0.000).

At the beginning of the study, three hypotheses were formulated, and they were
confirmed, as shown below. The following points were proven:

- There are certain settlement indicators each of which individually shows a correlation
with the quantity and power of photovoltaic HMKEs. These relationships could be
identified irrespective of the service regions of the specific electricity suppliers. There
was a moderately strong correlation between the number of registered economic
organizations per 1000 population, the number of operating commercial accommoda-
tion units per 1000 population, the number of businesses in the hospitality industry
per 1000 population, and the quantity of total photovoltaic HMKEs per 1000 pop-
ulation. Furthermore, there was also a moderately strong correlation between the
total budgetary expenditure of the municipalities per 1000 population, the number of
businesses in the hospitality industry per 1000 population, the number of residential
electricity consumers per 1000 population, the number of electricity consumers per
1000 population, the length of the low-voltage electricity distribution network per
1000 population, and the power of total photovoltaic HMKEs per 1000 population.

- The ranking of the settlements based on the complex indicator created from the settle-
ment indicators showed a correlation with the ranking of the settlements according
to the number and power of the photovoltaic HMKEs per 1000 population. The
relationship between the rankings was moderately strong, with the exception of the
residential, public, and business photovoltaic HMKE users in the service region of
EON, where the correlation was only weak.

- A regression model was created from the settlements’ database containing data from
all three electricity supplier regions. In this model, the quantity of photovoltaic
HMKEs per 1000 population is explained by the number of electricity consumers per
1000 population, the number of economic organizations per 1000 population, and the
total budgetary expenditure of the municipalities per 1000 population.

4. Conclusions

Based on the results of this study, it was established that according to the analy-
ses from all three examination aspects (settlements with ELMŰ-ÉMÁSZ, EON, NKM or
ELMŰ-ÉMÁSZ, EON, or only EON as the suppliers of electricity) there was a positive
weak moderate correlation between the settlements’ indicators of the number of registered
businesses per 1000 population, the number of operating commercial accommodation units
per 1000 population, the number of businesses in the hospitality industry per 1000 pop-
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ulation, and the number of total photovoltaic HMKEs per 1000 population. Between the
number of residential electricity consumers per 1000 population, the number of electricity
consumers per 1000 population, and the quantity of total photovoltaic HMKEs, there was a
somewhat stronger but still moderate correlation regardless whether the electricity supply
regions of ELMŰ-ÉMÁSZ and EON or only those of EON were considered. Additionally,
in these two types of electricity supply regions (ELMŰ-ÉMÁSZ and EON or only EON),
there was a weak moderate correlation between the total budgetary expenditure of the
municipalities per 1000 population, the number of businesses in the hospitality industry
per 1000 population, the number of residential electricity consumers per 1000 population,
the number of electricity consumers per 1000 population, the length of the low-voltage
electricity distribution network per 1000 population, and the total power of photovoltaic
HMKEs per 1000 population.

The investigations also highlighted that in the regions where ELMŰ-ÉMÁSZ and
EON or only EON were the suppliers of electricity, there was a positive weak moderate
correlation between the number of registered businesses per 1000 population, the number
of businesses in the hospitality industry per 1000 population, the number of operating
commercial accommodation units per 1000 population, and the quantity of residential
photovoltaic HMKEs per 1000 population. The strength of the correlation between the
number of registered businesses per 1000 population, the number of businesses in the
hospitality industry per 1000 population, and the power of residential photovoltaic HMKEs
per 1000 population was also positive weak moderate. There was a stronger but still
moderate positive correlation between the quantity and power of residential photovoltaic
HMKEs per 1000 population and the number of residential electricity consumers per
1000 population and the number of electricity consumers per 1000 population.

According to our results, the business photovoltaic HMKEs per 1000 population
showed a positive weak moderate relationship with the number of registered businesses per
1000 population regardless of the regions of electricity supply. Furthermore, it was found
that in the region of the EON electric company, there was also a positive weak moderate
correlation between the total budgetary revenue of the municipalities per 1000 population,
the total budgetary expenditure of the municipalities per 1000 population, and the quantity
and power of public photovoltaic HMKEs per 1000 population.

It was established that the rankings of the settlements based on the settlements’ com-
plex indicators, which were created based on the settlement indicators, and the rankings
according to the number and power of (total, residential, business) photovoltaic HMKEs per
1000 population indicated a positive loose correlation regardless of the electric companies’
regions.

Having analyzed the settlements of the three electricity companies’ service regions,
it can be stated that it is possible to describe the quantity of photovoltaic HMKEs per
1000 population with a regression model, in which the following settlement indicators can
be regarded as explanatory factors: the number of electricity consumers per 1000 popula-
tion, the number of registered economic organizations per 1000 population, and the total
budgetary expenditure of the municipalities per 1000 population.

The usefulness of the results of this study is diverse. On the one hand, it may be of
help with the planning of energy policy and energy strategy in terms of identifying the
factors playing a part in the spread of photovoltaic HMKEs, while, on the other hand, it
can inspire scientists to continue the research in this field. The objectives of such future
investigations will involve the examination of other regional levels (NUTS 3, LAU 1), and
processing data from 2020 will also allow the observation of changes over time.
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Abbreviations
The following abbreviations are used in this manuscript:
ELMŰ-
ÉMÁSZ

ELMŰ-ÉMÁSZ Energiaszolgáltató ZRT./ELMŰ-ÉMÁSZ Energy Service
Privately Held Company/

EON E.ON Hungária Zrt./E.ON Hungária Privately Held Company/
fai j normalized basic indicator
HMKE household-sized power plants
CDI complex development index
KSH Központi Statisztikai Hivatal/Hungarian Central Statistical Office/
min(fai j) the lowest value of the basic indicator
max(fai j) the highest value of the basic indicator
NKM NKM Energia Zrt./NKM Energia Privately Held Company/
pSi Polycrystalline
PV Photovoltaic

TEIR
Országos Teületfejlesztési és Területrendezési Információs Rendszer/National
Regional Development and Spatial Planning Information System/

x1 to xn Represent independent variables
β1 The regression coefficient of variable x1
βn The regression coefficient of variable xn.
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Appendix A Correlations between the Quantity and Power of the Residential, Business, and Public HMKEs and the Development Indicators

Table A1. The strengths of the relationships between the quantity of the residential HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations, yellow means
weak moderate, and purple moderately close ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between
variables i and j only partially), while the black one shows irrelevant comparison.).

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Residential HMKEs
per 1000 Population

(pcs)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Registered

Businesses per
1000 Population

(pcs)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

NUMBER of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)

Number of
registered

businesses per
1000 population

(pcs)

0.272/0.000 0.449/0.000 0.455/0.000 0.395/0.000 0.184/0.000 0.243/0.000

Total budgetary
revenue of the

municipalities per
1000 population

(HUF 1000)

0.099/0.000 0.482/0.000 0.494/0.000 0.439/0.000 0.259/0.000 0.199/0.000 0.262/0.000

Total budgetary
expenditure of the
municipalities per
1000 population

(HUF 1000)

0.140/0.000 0.476/0.000 0.487/0.000 0.432/0.000 0.249/0.000 0.192/0.000 0.256/0.000

Number of
residential
electricity

consumers per
1000 population

(pcs)

0.490/0.000 0.129/0.000 0.150/0.000 0.166/0.000 0.053/0.000 0.049/0.000
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Table A1. Cont.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Residential HMKEs
per 1000 Population

(pcs)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of
Registered

Businesses per
1000 Population

(pcs)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

NUMBER of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)

Number of
electricity

consumers per
1000 population

(pcs)

0.502/0.000 0.024/0.000 0.132/0.000 0.136/0.000 0.050/0.000 0.054/0.000

Length of the
low-voltage
electricity

distribution
network per

1000 population
(km)

0.448/0.000 0.264/0.000 0.283/0.000 0.148/0.000 0.114/0.000 0.170/0.000

Number of units of
operating

commercial
accommodation

units per
1000 population

(pcs)

0.213/0.000 0.454/0.000 0.467/0.000 0.417/0.000 0.251/0.000 0.189/0.000

Number of
businesses in the

hospitality industry
per 1000 population

(pcs)

0.276/0.000 0.423/0.000 0.439/0.000 0.400/0.000 0.239/0.000 0.061/0.000
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Table A2. The strengths of the relationships between the power of the residential HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations, yellow means
weak moderate, and purple moderately close ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between
variables i and j only partially), while the black one shows irrelevant comparison.).

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Residential HMKE
Power per

1000 Population (kW)

Number of Residential
Electricity Consumers
per 1000 Population

(pcs)

Number of Electricity
Consumers per

1000 Population (pcs)

Length of the
Low-Voltage Electricity
Distribution Network
per 1000 Population

(km)

Number of Registered
Businesses per

1000 Population (pcs)

Number of Businesses
in the Hospitality

Industry per
1000 Population (pcs)

Number of registered
businesses per

1000 population (pcs)
0.274/0.000 0.362/0.000 0.385/0.000 0.347/0.000 0.183/0.000

Total budgetary
revenue of the

municipalities per
1000 population

(HUF 1000)

0.078/0.000 0.403/0.000 0.433/0.000 0.399/0.000 0.265/0.000 0.207/0.000

Total budgetary
expenditure of the
municipalities per
1000 population

(HUF 1000)

0.115/0.000 0.397/0.000 0.426/0.000 0.392/0.000 0.256/0.000 0.201/0.000

Number of residential
electricity consumers
per 1000 population

(pcs)

0.409/0.000 0.183/0.000 0.169/0.000 0.185/0.000 0.024/0.000

Number of electricity
consumers per

1000 population (pcs)
0.439/0.000 –0.059/0.000 0.133/0.000 0.157/0.000 0.017/0.000

Length of the
low-voltage electricity
distribution network
per 1000 population

(km)

0.405/0.000 0.180/0.000 0.226/0.000 0.163/0.000 0.115/0.000



Processes 2021, 9, 4 28 of 37

Table A2. Cont.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Residential HMKE
Power per

1000 Population (kW)

Number of Residential
Electricity Consumers
per 1000 Population

(pcs)

Number of Electricity
Consumers per

1000 Population (pcs)

Length of the
Low-Voltage Electricity
Distribution Network
per 1000 Population

(km)

Number of Registered
Businesses per

1000 Population (pcs)

Number of Businesses
in the Hospitality

Industry per
1000 Population (pcs)

Number of units of
operating commercial
accommodation units
per 1000 population

(pcs)

0.163/0.000 0.381/0.000 0.413/0.000 0.381/0.000 0.257/0.000 0.153/0.000

Number of businesses
in the hospitality

industry per
1000 population (pcs)

0.219/0.000 0.395/0.000 0.390/0.000 0.366/0.000 0.247/0.000

Table A3. The strengths of the relationships between the quantity of the business HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations and yellow
means weak moderate ones. In the case of the partial correlation the red background indicates a partially distorted correlation, blue signals partial explanation (the controlled variable explains the
relationship between variables i and j only partially), while the black one shows irrelevant comparison.).

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator
Business HMKEs per
1000 Population (pcs)

Number of Registered
Businesses per

1000 Population (pcs)

Total Budgetary
Revenue of the

Municipalities per
1000 Population (HUF

1000)

Total Budgetary
Expenditure of the
Municipalities per

1000 Population (HUF
1000)

Number of Electricity
Consumers per

1000 Population (pcs)

Length of the
Low-Voltage Electricity
Distribution Network
per 1000 Population

(km)
Number of registered

businesses per
1000 population (pcs)

0.305/0.000 0.250/0.000 0.303/0.000 0.145/0.000 0.113/0.000
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Table A3. Cont.

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator
Business HMKEs per
1000 Population (pcs)

Number of Registered
Businesses per

1000 Population (pcs)

Total Budgetary
Revenue of the

Municipalities per
1000 Population (HUF

1000)

Total Budgetary
Expenditure of the
Municipalities per

1000 Population (HUF
1000)

Number of Electricity
Consumers per

1000 Population (pcs)

Length of the
Low-Voltage Electricity
Distribution Network
per 1000 Population

(km)
Total budgetary
revenue of the

municipalities per
1000 population (HUF

1000)

0.291/0.000 0.266/0.000 0.205/0.000 0.181/0.000 0.151/0.000

Total budgetary
expenditure of the
municipalities per

1000 population (HUF
1000)

0.351/0.000 0.246/0.000 0.011/0.000 0.151/0.000 0.131/0.000

Number of residential
electricity consumers
per 1000 population

(pcs)

0.178/0.000 0.271/0.000 0.269/0.000 0.327/0.000 0.188/0.000 0.106/0.000

Number of electricity
consumers per

1000 population (pcs)
0.229/0.000 0.251/0.000 0.256/0.000 0.310/0.000 0.050/0.000

Length of the
low-voltage electricity
distribution network
per 1000 population

(km)

0.202/0.000 0.258/0.000 0.260/0.000 0.319/0.000 0.121/0.000

Number of units of
operating commercial
accommodation units
per 1000 population

(pcs)

0.144/0.000 0.291/0.000 0.271/0.000 0.333/0.000 0.193/0.000 0.172/0.000

Number of businesses
in the hospitality

industry per
1000 population (pcs)

0.047/0.020 0.302/0.000 0.288/0.000 0.349/0.000 0.234/0.000 0.197/0.000
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Table A4. The strengths of the relationships between the power of the business HMKEs per 1000 population and the settlement indicators1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then
there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations and yellow means
weak moderate ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between variables i and j only partially),
while the black one shows irrelevant comparison.).

Pearson Correlation Coefficient Partial Correlation Coefficient
Indicator

Business HMKE Power per
1000 Population (kW)

Number of Registered Businesses
per 1000 Population (pcs)

Total Budgetary Revenue of the
Municipalities per

1000 Population (HUF 1000)

Total Budgetary Expenditure of
the Municipalities per

1000 Population (HUF 1000)
Number of registered businesses

per 1000 population (pcs) 0.241/0.000 0.177/0.000 0.210/0.000

Total budgetary revenue of the
municipalities per

1000 population (HUF 1000)
0.214/0.000 0.209/0.000 0.140/0.000

Total budgetary expenditure of the
municipalities per

1000 population (HUF 1000)
0.254/0.000 0.194/0.000 0.014/0.000

Number of residential electricity
consumers per 1000 population

(pcs)
0.138/0.000 0.213/0.000 0.195/0.000 0.233/0.000

Number of electricity consumers
per 1000 population (pcs) 0.156/0.000 0.204/0.000 0.188/0.000 0.223/0.000

Length of the low-voltage
electricity distribution network

per 1000 population (km)
0.151/0.000 0.205/0.000 0.189/0.000 0.227/0.000

Number of units of operating
commercial accommodation units

per 1000 population (pcs)
0.107/0.000 0.230/0.000 0.198/0.000 0.239/0.000

Number of businesses in the
hospitality industry per

1000 population (pcs)
0.098/0.000 0.229/0.000 0.198/0.000 0.241/0.000
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Table A5. The strengths of the relationships between the quantity of the residential HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations, yellow means
weak moderate, and purple moderately close ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between
variables i and j only partially), while the black one shows irrelevant comparison.).

Pearson
Correlation
Coefficient

Partial Correlation Coefficient

Indicator Residential
HMKEs per

1000 Population
(pcs)

Number of
Residential
Electricity

Consumers per
1000 Population

(pcs)

Number of
Electricity

Consumers per
1000 Population

(pcs)

Number of
Registered

Businesses per
1000 Population

(pcs)

Length of the
Low-Voltage

Electricity
Distribution
Network per

1000 Population
(km)

Number of Units of
Operating

Commercial
Accommodation

Units per
1000 Population

(pcs)

Number of
Businesses in the

Hospitality
Industry per

1000 Population
(pcs)

Number of registered
businesses per

1000 population (pcs)
0.212/0.000 0.479/0.000 0.481/0.000 0.346/0.000 0.174/0.000 0.273/0.000

Total budgetary revenue of
the municipalities per

1000 population (HUF 1000)
0.060/0.012 0.503/0.000 0.507/0.000 0.205/0.000 0.383/0.000 0.196/0.000 0.293/0.000

Total budgetary
expenditure of the
municipalities per

1000 population (HUF 1000)

0.064/0.007 0.502/0.000 0.506/0.000 0.204/0.000 0.382/0.000 0.195/0.000 0.292/0.000

Number of residential
electricity consumers per

1000 population (pcs)
0.505/0.000 0.074/0.000 0.111/0.000 0.029/0.000 0.016/0.000 0.051/0.000

Number of electricity
consumers per

1000 population (pcs)
0.508/0.000 –0.028/0.000 0.098/0.000 0.014/0.000 0.006/0.000 0.044/0.000

Length of the low-voltage
electricity distribution

network per
1000 population (km)

0.387/0.000 0.353/0.000 0.358/0.000 0.106/0.000 0.121/0.000 0.207/0.000

Number of units of
operating commercial

accommodation units per
1000 population (pcs)

0.204/0.000 0.472/0.000 0.476/0.000 0.184/0.000 0.355/0.000 0.225/0.000
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Table A6. The strengths of the relationships between the power of the residential HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations, yellow means
weak moderate, and purple moderately close ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between
variables i and j only partially), while the black one shows irrelevant comparison.).

Pearson Correlation
Coefficient Partial Correlation Coefficient

Indicator Residential HMKE
Power per

1000 Population (kW)

Number of
Residential Electricity

Consumers per
1000 Population (pcs)

Number of Electricity
Consumers per

1000 Population (pcs)

Number of Registered
Businesses per

1000 Population (pcs)

Length of the
Low-Voltage Electricity
Distribution Network
per 1000 Population

(km)

Number of
Businesses in the

Hospitality Industry
per 1000 Population

(pcs)
Number of registered

businesses per
1000 population (pcs)

0.210/0.000 0.381/0.000 0.384/0.000 0.315/0.000 0.205/0.000

Total budgetary revenue of
the municipalities per

1000 population (HUF 1000)
0.054/0.024 0.409/0.000 0.415/0.000 0.204/0.000 0.354/0.000 0.227/0.000

Total budgetary expenditure
of the municipalities per

1000 population (HUF 1000)
0.059/0.014 0.408/0.000 0.414/0.000 0.203/0.000 0.354/0.000 0.226/0.000

Number of residential
electricity consumers per

1000 population (pcs)
0.411/0.000 0.099/0.000 0.127/0.000 0.091/0.000 0.027/0.000

Number of electricity
consumers per

1000 population (pcs)
0.417/0.000 –0.064/0.008 0.117/0.000 0.077/0.000 0.019/0.000

Length of the low-voltage
electricity distribution

network per 1000 population
(km)

0.358/0.000 0.235/0.000 0.242/0.000 0.112/0.000 0.141/0.000

Number of units of
operating commercial

accommodation units per
1000 population (pcs)

0.155/0.000 0.386/0.000 0.392/0.000 0.188/0.000 0.334/0.000 0.177/0.000

Number of businesses in the
hospitality industry per

1000 population (pcs)
0.233/0.000 0.349/0.000 0.356/0.000 0.178/0.000 0.310/0.000
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Table A7. The strengths of the relationships between the quantity of the public HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then
there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table white background indicates non–significant relationships, grey
weak and yellow means weak moderate ones. In the case of the partial correlation the red background indicates a partially distorted correlation and blue signals partial explanation (the controlled
variable explains the relationship between variables i and j only partially), while black shows irrelevant comparison.).

Pearson Correlation Coefficient Partial Correlation Coefficient
Indicator

Public HMKEs per 1000 Population (pcs)
Total Budgetary Revenue of the

Municipalities per 1000 Population
(HUF 1000)

Total Budgetary Expenditure of the
Municipalities per 1000 Population

(HUF 1000)
Number of registered businesses per

1000 population (pcs) 0.055/0.020 0.215/0.000 0.256/0.000

Total budgetary revenue of the
municipalities per 1000 population

(HUF 1000)
0.221/0.000 0.145/0.000

Total budgetary expenditure of the
municipalities per 1000 population

(HUF 1000)
0.262/0.000 0.016/0.000

Number of residential electricity consumers
per 1000 population (pcs) –0.001/0.981 0.224/0.000 0.265/0.000

Number of electricity consumers per
1000 population (pcs) 0.010/0.661 0.223/0.000 0.264/0.000

Length of the low-voltage electricity
distribution network per 1000 population

(km)
–0.005/0.845 0.225/0.000 0.266/0.000

Number of units of operating commercial
accommodation units per 1000 population

(pcs)
0.008/0.742 0.223/0.000 0.266/0.000

Number of businesses in the hospitality
industry per 1000 population (pcs) 0.006/0.791 0.227/0.000 0.268/0.000
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Table A8. The strengths of the relationships between the power of the public HMKEs per 1000 population and the settlement indicatorsv1 (1 Pearson correlation coefficient/p-value; if p < 0.05, then
there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table white background indicates non–significant relationships, grey
weak and yellow means weak moderate ones. In the case of the partial correlation the green background signals cases where the background variable did not cause any difference in the strength of
the relationship, while blue background indicates partial explanation (the controlled variable explains the relationship between variables i and j only partially), and black marking shows irrelevant
comparison.).

Pearson Correlation Coefficient Partial Correlation Coefficient
Indicator

Public HMKE Power per 1000 Population
(kW)

Total Budgetary Revenue of the
Municipalities per 1000 Population

(HUF 1000)

Total Budgetary Expenditure of the
Municipalities per 1000 Population

(HUF 1000)
Number of registered businesses per

1000 population (pcs) 0.052/0.028 0.219/0.000 0.240/0.000

Total budgetary revenue of the
municipalities per 1000 population

(HUF 1000)
0.225/0.000 0.110/0.000

Total budgetary expenditure of the
municipalities per 1000 population

(HUF 1000)
0.245/0.000 0.047/0.000

Number of residential electricity consumers
per 1000 population (pcs) 0.045/0.057 0.221/0.000 0.241/0.000

Number of electricity consumers per
1000 population (pcs) 0.051/0.031 0.219/0.000 0.240/0.000

Length of the low-voltage electricity
distribution network per 1000 population

(km)
0.019/0.417 0.225/0.000 0.245/0.000

Number of units of operating commercial
accommodation units per 1000 population

(pcs)
0.053/0.025 0.219/0.000 0.239/0.000

Number of businesses in the hospitality
industry per 1000 population (pcs) 0.125/0.000 0.201/0.000 0.223/0.000
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Table A9. The strengths of the relationships between the quantity of the business HMKEs per 1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson correlation coefficients in the table grey background indicates weak correlations and yellow
means weak moderate ones. In the case of the partial correlation the blue background signals partial explanation (the controlled variable explains the relationship between variables i and j only
partially), while the black one shows irrelevant comparison.).

Pearson Correlation Coefficient Partial Correlation Coefficient
Indicator

Business HMKEs per 1000 Population (pcs) Number of Registered Businesses per
1000 Population (pcs)

Number of Units of Operating Commercial
Accommodation Units per 1000 Population

(pcs)
Number of registered businesses per

1000 population (pcs) 0.254/0.000 0.178/0.000

Total budgetary revenue of the
municipalities per 1000 population

(HUF 1000)
0.129/0.000 0.237/0.000 0.193/0.000

Total budgetary expenditure of the
municipalities per 1000 population

(HUF 1000)
0.185/0.000 0.226/0.000 0.180/0.000

Number of residential electricity consumers
per 1000 population (pcs) 0.157/0.000 0.226/0.000 0.168/0.000

Number of electricity consumers per
1000 population (pcs) 0.182/0.000 0.218/0.000 0.157/0.000

Length of the low-voltage electricity
distribution network per 1000 population

(km)
0.174/0.000 0.214/0.000 0.178/0.000

Number of units of operating commercial
accommodation units per 1000 population

(pcs)
0.213/0.000 0.226/0.000

Number of businesses in the hospitality
industry per 1000 population (pcs) 0.076/0.001 0.245/0.000 0.211/0.000
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Table A10. The strengths of the relationships between the power of the business HMKEs per
1000 population and the settlement indicators 1 (1 Pearson correlation coefficient/p-value; if p < 0.05,
then there is a significant verified relationship between the two variables) (In the case of the Pearson
correlation coefficients in the table grey background indicates weak correlations.

Indicator Business HMKE Power per
1000 Population (kW)

Number of registered businesses per
1000 population (pcs) 0.130/0.000

Total budgetary revenue of the municipalities
per 1000 population (HUF 1000) 0.113/0.000

Total budgetary expenditure of the
municipalities per 1000 population (HUF 1000) 0.138/0.000

Number of residential electricity consumers per
1000 population (pcs) 0.063/0.008

Number of electricity consumers per
1000 population (pcs) 0.076/0.001

Length of the low-voltage electricity
distribution network per 1000 population (km) 0.068/0.004

Number of units of operating commercial
accommodation units per 1000 population (pcs) 0.082/0.001

Number of businesses in the hospitality
industry per 1000 population (pcs) 0.055/0.022

References
1. International Renewable Energy Agency (IRENA). Global Energy Transformation: A Roadmap to 2050; IRENA: Abu Dhabi,

UAE, 2018.
2. Renewable Energy Policy Network for the 21st Century (REN21). Renewables 2018 Global Status Report—REN21; REN21: Paris,

France, 2018.
3. International Energy Agency (IEA). World Energy Outlook 2017; IEA: Paris, France, 2017.
4. Kim, K.J.; Lee, H.; Koo, Y. Research on local acceptance cost of renewable energy in South Korea: A case study of photovoltaic

and wind power projects. Energy Policy 2020, 144, 111684. [CrossRef]
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cities: The impact of interconnecting geographically distributed district heating grids on the energy system. Energy 2017, 137,
941–960. [CrossRef]

6. Kordmahaleh, A.A.; Naghashzadegan, M.; Javaherdeh, K.; Khoshgoftar, M. Design of a 25 MWe Solar Thermal Power Plant in
Iran with Using Parabolic Trough Collectors and a Two-Tank Molten Salt Storage System. Int. J. Photoenergy 2017, 2017, 4210184.
[CrossRef]

7. Noman, A.M.; Addoweesh, K.E.; Alolah, A.I. Simulation and Practical Implementation of ANFIS-Based MPPT Method for PV
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